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PRIMWIY PRODUCTION IN DRY-EVERGREEN FOREST AT SAR.Elf,.

!..NPHOZ PAK THONG CHAI, CHANGWAT NAKHON RATCHASIMA

I. ESTIMWTION OF BIOMASS AND DISTRIBUTION AMONGST VAR1IOUS ORGANS
S* . *

By Sanga Sabhasri, Choob Khemnark, Sanit Aksornkoae,

and Padoem Ratisoonthorn+

I. INTRODUCTION

-The present investigation is part of an ecosystem study of a dry-

evergreen forest at the Sakaeratý' Experiment Station in Amphoe Pak

Thong Chai, Changwat Nakhon Ratchasima in the north-eastern region of

Thailand. This report is concerned with an initial examination of the

biomass (weight of living plant material), as one step in assessing the

primary production in the forest.,

Estimates of rimary productivity in various habitats throughout

the world are of major importance in relation to the global potential

for food production. This topic is prominent in the International

Biological Programme (IBP) and the present study will form part of Thai-

land's contribution to IBP.

An accurate and detailed knowledge of the standing crop of a plant

community is the necessary biological basis of any attempt to control

the productivity of that community. The results of the present investi-

Sgation will provide a reference framework for evaluating changes that

have occurred through disturbance of the vegetation in other parts of

the study site or which may be induced in other experiments.

The investigation has also been concerned with establishing cor-

relations between the biomass of a tree and its height and diameter,

which can be used in rapid estimations of total biomass and stem volume

of an individual tree from the measurement of only one dimension.

* Faculty of Forestry, Kasetsart University.

+ Faculty of Science and Arts, Kasetsart University.
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II.* PRINCIPLES INVOLVED

.0 Methods of estimating primary production by terrestrial plant

communities have been reviewed by Kira et al (1967). These depend on

either a harvest technique, in which repeated biomass measurements are

F;M. made at specific intervals, or a photosynthetic technique, in which the

photosynthetic rate of a single leaf is linked with vertical distribu-

tions G1.leaf area and light intensity. Most of the work on this topic

has been based on the harvest technique, which was elaborated with

special reference to forests by Boysen Tensen (1932).
In essence., harvest methods depeud on estimating biomass at the

beginning and end of a given period of time, and also the losses by

respiration, by death and by grazing and parasitism. Kira et a1 (1967)

concluded that, especially for non-seasonal communities such as tropical

forests in which growth ring analysis is difficult, gross production

can best be estimated by calculating the increment of biomass derived

"from repeated estimates of bioitass of the same stand, subtracting the

losses by litter-fall (measured with litter traps) and by grazing and

parasitism (they regard these latter sources as of minor importance)

and adding an estimate of community respiration.

The exact estimate of biomass is an especially troublesome task

in the study of forest vegetation. Direct measurement by weighing of

a reasonably wide area of forest is quite unrealistic and impracticable

(Kira and Shidei 1967) and recourse has to be made to relationships

between tree weight and other parameters which can be measuring in a

large stand (Sabhasri and Wood 1967).

Relationships of this kind, termed allometric relationships, were

first formulated by Huxley (1932, cited after Ogino et al. 1964) and

Teissier (1934, cited after Ogino et al. 1964) as
Sy AXh ..... W1

or log y log A + h logx .... (2)

where y, x are measured quantities of a partieular individual and A, h

are specific constants.

Kittredge (1944, 1948) was one of the first to apply allometric

3



_X relativnehips to the estimation of forest biomass, making use of a

relationsh!n between the weight of Leaves and stem diameter. Allometric

4: relations were used by Miaruyama and Sata (1953) in estimating foliage

and stands in the Akamateu of Iwate District, Japan. Orington and

Madgwich (1959) used such relationships in their studies on the distri-

bution of organic matter and-plant nutrients in a plantation of Scotch

pines. This technique has been followed in previous work in Thailand

by Ogino et al. (1964) in estimating the standing crops in forests in

north-eastern Thailand, and by Ogawa et al. (1965) and Ogawa, Yoda,

et al. (1965) in studies on three main types of forest vegetation in

Thailand, including a stand of dry-evergreen forest near Doi Inthanon

in northern Thailand. Ogawa, et al. (1965) reviewed a number of allo-

metric relationships in connection with the data they had collected.

Following Shidei (1960, cited after Ogawa et al. 1961), they concluded
St 2H

that there was better correlation between weight of a tree and D

(where D is the diameter of the tree at breast height (1.3 m) and H is

its height) than between weight and diameter at breast height.

They also concluded that it is reasonable to assume that the

allometric relationships between the different measures of a tree is

approximately independent of species for tree species of similar life

form in the same habitat. They derived (for a sample comprising trees

of Dipterocarpus alatus and Pentacine siamensis) the following relation-

ships:
2 0.8396•a

W 0.06518 (DH)6#0(.... 3)

where W is dry weight of stem and branches in kg,

WL is dry weight of leaves in kg,

D is diameter at breast height in U&l,

H is height in m.

They used these relationships to arrive at biomass for the above

mentioned stand of dry-evergreen forest, the total biomass being

290.6 tonnes per hectare, stems and branches of trees contributing

270.9 tonne, per hectare, and leaves of trees 19.5 tonnes per hectare.

4
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Ogawa, Yoda, et al. (1965) and Kira et al. (1967) have used these

• •and other allometric relations in estimating biomass in the forest types

-•..av~dy mentioned. In their work they used the following relation-

ships:

+ 0.0217 ..... (5)
H D

w = 0.0396 ( H)o.936 ..... (6)
0.0060 2 ( 1.027

WB 0.006002 (D H) 1 (7)

1.())775•! •WR fi 0.0264 (D% .... (8)

1:•l U-75+ 0.025 *0*60 (9)

where W., , , are the dry weights of stem, branches, roots, and

leavis respectively in kg, and D, H are as before.

III. STUDY MATERIAL

The present investigatiod was located in the ASRCT Sakaerat Experi-

ment Station situated on Route 304 from Nakhon Itatchasioa (Khorat) to

Chachoengaao about 60 kra south of Nakhon Ratchasima. The stand was in

relatively undisturbed dry-evergreen forest, adjacent to the open tower

of the miicro-neteorological installation, approximately three kM south-

west of the 3tation living quartrs. The trees were felled during the

process of enlarging an existing clearing around the base of the open

tower,

The nuubor of species which constitute the stand is largo, and

m.ore than 100 species were counted including trees, shrubs, climbers

and herbage. Details are given in other reports in this series * The

"* "Specles composition of dry-evergreen and dry dipterocarp forests at

Sakaerat, Pak Thong Chai, Nakhon Ratchbsima. Is Variation of floristic
composition along a transect through dry-evergreen and dry dipterocarp
forests" by Sanga Sabhaeri, Ath foonnitee, Choob JKhemnark, and Sanit
Aksornkoae. Report No. on Research Project No, 27/1. (ASRCT un-
pablished report.) "Inventory of vegetation in one hectare (100 , x
100 m plot) centred on forest tower, ASRCT Sakaerat Experinent Station
(Amphoe Pak Thong Chai, Changwat Nakhon Ratchasima)" by Ten Snitinand,
Chumari Chaiyanand, 4nand Nalamphun, and Thawatchai Santisuk. Report
No. 3 on .'*eoearch Project No. 27/1. (A.SRCT unpublished report.)
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major species with high frequency of occurrence are: (1) Hopea ferrea

Pierrc, (2) Udiocarpus ilicifolius King, (3) Walsura trichostemon Miq.,
6 and (i) Memecylon ovatum Sm. Other species of sporadic occurrence have

been grouped as "associate species".

Field work was carried out from July to November 1967 during the

rainy season and the beginning of the cool season. Details of rainfall,

temperature and humidity are given in another report in this series*.

IV. METHOD

A group of trees was selected and measurements were made of various

parameters to establish allometric relationships.

The aim in selecting trees was to establish similar numbers within

* a series of classes based on D 2H (D is diameter at breast height (1.3 m)
in cm and H is the height of the tree in m), these classes being chosen

to provide an even distribution of class intervals on a logarithmic

scale: 0-100, 101-300, 301-500, 501-700, 701-1,000, 1,001-3,000,

"3,001-5,000, 5,001-7,000, 7,001-10,000, 10,001-30,000, 30,001-50,000,

50,001-70,003, and 70,001-100,00C. Class ranges were determined by
*irst establishing that the volume of a tree approximates the volume of

a cylinder (cf. Yoda 1967) with diameter D and height H, which in turn
can be directly related to the biomass of the tree.

* Diameter was obtained by using a caliper, and height was measured

by using a regular metre tape on the felled trece.

Before cutting, each tree was measured at ground level and at 10 cu,

30 ou, and 130 cm above the ground. The purpose of these measurements
* was to calculate base taper. To obtain the weight of thd tree, the

*'} steo was cut into 2-ci sections, leaveb were picked by hand, green and
-- dead branches were remonved, and all were weighed and recorded. A common

balance scale of 500 kg capacity was mounted on a platforn at the tree

"* uPreliminary study of evapotranspiration in dry-evergreen forest at
Sakaerat, ai.phoe Pak Thong Chai, Changvat Nakhon RatclasiiWa by Saaga
Sabhasri, Kaseu Chunkeo, and Chooupol Ngampongsai. Report No. 2 on
Research Project No. 27/5 (in preparation).
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ait. for u£ i "t,-e measurements. Weights were recorded to the nearest

tenth of a kilogramrme. It was determined that the weight of sawdust

was not sulficient to merit the difficulty incurred in saving it for

weighing,

The following items were measured and recorded for each sample

tree:

I -H = total height of the tree

HC commercial height or height of the trunk up to the first

living branch

D 0 diameter at ground level

D10 diameter at 10 cm above ground level

D diameter at 1.3 m above ground level, which is analogous1.3
to diameter at breast height (DBH)

D - diameter at 2 m above ground level, and from this height2- upward, diameter at the height of every 2 m to the tip

C - crown lcgth

WS = green weight, being the sum of the weights of every 2-a log

W = weight of green branches
B

Wg = weight of green leaves

WT = total weight of green stem, branches, and leaves.

Heights and crown length were recorded in metres, diameters in centi-

r'etros, and weights in kilogromres.

Sauples of stems, branches, and leaves were collected and dried

in an oven at 105 0C for 24 hours to detornine moisture content, and

these values were then used to correct the green weights to oven-dry

weights, the latter being represented by W , WB, WL WT for stea weight,

weight of branches, weight of leaves and total weight respectively. The

sten volume of each tree was calculated by using Smalian's formula

(Bruce & 3chuuachur 1950): The number of trees in each iAi class for

each species is shown in Table 1.

From thouc measurements allouctric relationships were calculated

7
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Rewriting equation (2) with y. W (total weight) and x + D2H, the equa-

tion becomes

log W = logA+hlog (D2 1.,. (10)

For a series of trees this becomes

Zlog W EZlog A + h ZIlog (0 2 1) . . (11\

and X(D2 H) log W T(1)) log A + h Z(D2H) log (D21H) .. (12)

The constants log A and h can be calculated from these formulae, and in
2i.- this way regression equations for weight against D H, weight against D,

and volume cgainst D2 H were obtained. Samples of the calculation are

given in the Appendix. The values were used to prepare graphs for each

relationship.

For the study of biomnss per unit area, a sample plot of 20 m x 20 m

was laid out and the following items were measured and recorded:

(1) Tree specive of nore than 4 m in height were recorded and

measured an mentioned above.

f (2) The undergrowth including trees lesa than 4 n in huight,

shrubs, herbs, and grasses was cleaned froe the plot, and the steus and

branches ware separated from the leavte and weighed.

(3) Climbers were collected 4xnd weighed.

- Samples of all uatorial were collected and oven-dried to determine

moisture contont, and these values were used to correct the green Voighte

to oven-dry weights.

* The weight and volume of the standing crop was then determined

* using the specific values of allo-otric relationships arrived at frou

the earlier sets of measurements.

The value of D2If was calculated for each tree and the weight or

voluce deterained using the graphs of appropriate allouAtric relation-

ships. Where particular relatiouships had been detercined for the

species, these were used, otherwise the relationships for "all species*

was used.

In those coses where it ,nw difficult to measure tree height and

thia occurred often in this dense stand where the top of a tree r .uld

• 9
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hardly be seen from a distance the relationships connecting D with

weight or volume were used.

V. I•ESULTS ZiD DISCUSSION

Table 2 summarizes the data for the 214 trees in the selected group

of trees. The four major species already mentioned were the only ones

which occurred frequently enough to be included in more than six DH

classes. Data for all trees measured are averaged in the summary tnder

f the heading "all species".

Table 3 regroups the data under D2H classes, information being

given in each class for the individual species in the sample.

Figures I to 7 display the allometrie relationships as follows:

(1) Total green weight (WT) against D2H.

(2) Total dry weight (WT) against D.

(3) Otom weight (v,) against DAl.

(4) Weight.of branches (V.) against Ai.

(5) Weight of leaves (wL) against D

(6) Stem volume against D111.

i (7) Total dry weight (VT) against DI.

In each oas• the relationships are given for each of the four

major species and for all of the apeoies taken together. This informa-

. tioe is rostated in Tables 4 to 9. Here h is the alope of the regressiao

line aud log • is the value of y when x a 1. The values of r2, the

coefficient of determination, indicates that Ute regression equAtions

for the relationships involving D211 aro uudoubtedly strong.

Table 10 sumzarizes data for the 20 m x 20 m plot showing the con-

tributions of the various parts of the tree to total weight (green and

oven-dry), and also the stem volume, for the 14 tree species above 4 m

high and Aor the undergrovth and climbers.

Table 11 gives more detailed information for all the plants in the

plot.

10
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•:. 1 All apsoies

log "•L " 0.75614 lo& D2 - - 1.91033

2 Hopea ferrea

log vL - 0.77223 log D2 H - 1.96460

3 ..ydnocarpus ilicifolius•- D 2 H
log VL a 0.51882 log D H - 1.37536

4* Walsure trichostemon

log VL - 0.61606 log DH - 1.43453

5 Memecylon ovatum

log wL g 0.63940 log D2 H - 1.39836
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Figure 7. Allometric relation between total dry weight and DBh.

1 All species

log wT -2.37617"log DBH - 0.58797

2 Hopea ferrea
log wT - 2.25891 log DBH - .O660O

3 Hydnocarpus ilicifolius
log wT m 2.17279 log DBH - 0.45541

4 Walsura trichostemon

log wT = 2.52663 log DBU - 0.67088

5 Memecylon ovatum

log vT - 2.73136 log DBH- 1.14624
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TABLE 4
ALLOMETRIC RELATIONS BETWEEN A AND WEIGHTS

OR STEM VOLUME FOR ALL SPECIES

__ •.WT wT VS WB v
Sh 0-95335 0.97309 0.93461 1.09172 0.75614• 0.92973

log A -0,94026 -1.17469 -1.19984 -2.276i76 -1.91033 -4.09641
r 0.9143 0.9243 0.9270 0.8533 0.8390 0.9959
-i 0.8359 0.8543 0.8593 0.7281 0.7039 0.9918

TABLE 5

ALLOMETRIC RELATIONS BETWEEN D2H AND WEIGHTS
OR STEM VOLUME FOR HOPEA FERREA

"I•- T VT Vsz WB"L Vs ..

h 0.96651 0.97644 0.93322 1.26695 0.77223 0.96042
log A -0.99501 -1.2016o -1.18289 -2.84233 -1.96460 -4.21281

r 0.9q17 0.8814 0.9290 0.8476 0.9559 0.9974
0 0.9835 0.7769 0.8630 0.7184 0.7326 0.9948

TABIL 6
§ •.LLOMETRIC RELATIONS BETWEEN DA AND WEIGHTS

O"i STEM VOLUME FOR HYDNOCARPUS ILICIFOLIUS

_T wT V vs
Ih 0.8805 0.88582 0.88227 0.95023 0.51882 0.92602

log A -0.75799 -1.20959 -1,08465 -1.93983 -1.37536 -4.11179
r 0.9660 0.9810 0.9775 0.9793 0.9074 0.8041
ir 0.9332 0.9624 0.9555 0.9590 0.8234 0.6466
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TABLE 7

-LLOMETRIC RELATIONS BETWEEN A AND WEIGHTS

OR f'fEM VOLUME FOR WALSURA TRICHOSTEMON

T wT' S wB wL VS

Ih 0.89202 0.93241 0.94300 1.05623 0.61606 0.97274

log A -0.69231 -1.01555 -1.17647 -2.08532 -1.43453 -4.14826

r 0.9743 0.9875 0.9978 0.8734 0.6371 0.9942

r2 0.9493 0.9752 0.9956 f 0.7628 0-4059 o.9884

TABLE 8

ALLOMETRIC RELATIONS BETWEEN DAH AND WEIGHTS

OR STEM VOLUME FOR MEMECYLON OVATUM

W-T VT VS wB wL Vs

h 0.95095 0.91463 0.98213 1.00287 0.•6390 0.94703
log A -0.92234 -1.22805 -1.33776 -1.97380 -1.39836 -4.15150

r 0.8007 0.8006 0.8011 0.7979 0.7696 0.9989

r 0.6411 0.6410 0.6418 0.6366 0.5923 0.9978

TASLE 9

;.LLOMETRIC RELATIONS BETWEEN D AND wT FOR

FOUR MAJOR SPECIES AND ALL SPECIES

Hopea Hydnocarpus Memecylon Walsura All
ferrea ilicifolius ovatum triohostemon species

2.25891 2.17279 2.73136 2.52663 2.37617

log A -0.36600 -0.45541 -1.14624 -0.67088 -0.58797
Sr 0-9530 0.9745 0,7584 0.9655 0.9627

r2 0.9082 0.9497 0.5752 0.9322 0.9268
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On the estimation of standing crops per unit area, past results

shoved a vide range of total weight among sample plots. Total weights

(green) of standing crops collected from two sample plots in a nearby

area as reported by Ogino et al. (1964) were 220.94 tonnes/ha and
403.77 tonnes/ha. Difference in total weight for such plots of the

same size was believed due to the unusually big sized trees which hap-

pened to occur in one sample plot. Ogawa et al. (1965) reported a sum

total of 291 tonnes/ha (oven-dry) for monsoon forest. Our attempt on

the estimation of total weight per unit area is summarized in Table 9.

The total green weight of trees, climbers, and undergrowth in a 20m x 20m

sample plot is 14,611.60 kg or 365.29 tonnes/ha, while the corresponding

oven-dry weight is 9,505.65 kg or 237.64 tounes/ha. The total green

weight is between the figures given by Ogino et al. Such an estimate,

* therefore, may be taken as representative of forest production for this

forest or for those of similar type.

VI. PROPOSALS FOR FURTHER WORK

: !The present study will be extended to include determination of

root biomass in the near future. If a suitable kiln becomes available,

additional large tree parts will be kiln dried and the rosults compared

with those from the present technique of reducing green weights by

oven-drying of samples. It is also intended to use the information on

allometric relations to calculate biosass of the vegetation on a one

hectare plot vhich ha been surveyed in an associated study.

The work will be extended to provide other information needed for

an estimate of primary productivity in this forest habitat.
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